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GRAPHICS DISCLAIMER 

All figures, graphics, tables, equations, etc. merged into this 
translation were extracted from the best quality copy available, 



.BSTRACT.   Satellite positioning and satellite  co^unications  are 
in the midst of the  ^^^^f ^?0Lmous  rendezvous  system. 
control,   looking for an aovance       . t    and proCesses This  article  summarizes basic requxremen P    a£j well as the 
aeeociat^ wxth Bpacecraftjentovou^ 9   ( 
composition of the U.S.   Precision,   and difference principles, 
principles  of Pos;tlonin?'P^es of  relative motion equation Ifter which it  sets out ^wo types otrei equation solutions, 
forms.     Making use °* » «gEf^S possible to complete the pure GPS,   and difference GPS,   it w p ft approaching target 
entire guidance process of trackingsp nomize on SUch 

MlltoTltl^tl'^tvl?i?y'tS\hif aeSi9n concept x. 
feasible and accurate. 

,    „  qnacecraft docking  Spacecraft 



SUMMARY OF SPACE RENDEZVOUS AND DOCKING 

Rendezvous and docking is one type of advanced process 
.ecnrSwith astronavigational activities.  It is a help in 

and equipment;  recovery of products;  P^iodicrefueling and 

ÄS S^^^^S?ÄS? Ät space 
SSSSancS andPsearch ancI rescue^--ion  a 

Rendezvous refers to two or more spacecraf ^^.^ and 

other « o^jV^SS^S the structural connecting of two 
times.  Docking reiers I. .^r  meetinq each other in orbit, spacecraft into one body after *|e^d"  icB and controlf 
Talking from the point of view of aeroflg™       spacecraft 
rendezvous and docking belong to the catago       /of theory 
orbital control and attitude oontro1.  Botn i     licated 
and technological actualization, it is quit 
PrOCeASs*far as the realization of space rende-ous is concerned, 

it can possess different forms^ ^r^are^se where people 
been applied at the P^es^r^ons in orbit (for example, the 
directly participate m °PefT^°

n^ecraft) and those people 
joint flight of Apollo 5n^v

U^^tePcon?rol for example, Peace 
complete from the ground J^fe,^ <afety as well as 
space station . For the saKe °* d     directly operated by 
economic considerations, sP*f ^enaezv.        remotely> 
people should be avoided.  As far as re     rned/ eve if one 
controled by people ^om the^ouna  such things as signal 
opts for the use of relay satellites  and so on, will still be 
delays, electromagnetic ^erferenc^ an systems will be the 
produced. Advanced autonom°^ 5e*de* wlu look for. 
?arget a new generation of «Pac«™f^etvoue and docking which 9 At the present t^e, the space rence h the four 
is normally opted for « ut^"J^ guidance, approach, and 
phases of ground f^^'^f^ound control, tracking spacecraft 
docking.  First of all, und r grouna ^  ^ ^^ Q± 

complete some maneuver!'  £* bV sensitive components on board associated with measurements by jensiti     5uided close along satellites, tracking spacecraft are activ .y ^    nted. To 

side target spacecraft. Finaiiy^     £onding hardware 
this end, it is 2ecessa^SionI--for example, enormous ground equipment and software functions tor    y        transmission and 
telemetry and control systems, ^ groun     satellites 
communications, sensitive components on *>°a^    radar, pickUp 
associated with different distances <x      *   telemetry and 
cameras, laser sensors, and so on).  Tni ™ and low 

SSSSilSfS SnSSSr. ^dTcE^^t« at the present 



time  In regard to looking, for new advanced autonomous 

developed could possibly become the best telemetry *i 
tool 11  advanced autonomous rendezvous systems.        /74 

2  SATELLITE GLOBAL POSITIONING SYSTEM 

The global positioning system (GPS) is the U.S. second 
generation satelfite navigation system  " ^«^"VL 
?973.  It has already been set ^n^sf f^^er position, 
capable of providing ac°Fat®' °°?ated with various types of 
speed, and time information «Bociated^ ££  ft a£ seVeral 
vehicles, ships, personnel, a^c£^ ana P of the surface of 
hundred kilometers altitude in the vicinxty    ^.^^ 

the'ltrtlkä  spaced:av?gltIonrGPS has already, or is in the 

Troers oa?doKaaining f-g^^110^^» portion is 
GPS is |«go;SelfiSTSiSSiSitad in Six orbital planes at 

composed of 21+3 sa5e^^„._atelv 20000 km, transmitmg 
orbital altitudes of approximate!      por;ion includes 
navigational data to use«.  The ^ouna p    stations, and entry 
monitoring and control f^i^irbitS of GPS satellites and doing 
stations used in ^^^^^^^th this, ephereris as well as 
calculations.  In ^^^^^eUites are calibrated, controled 
other data associated with 8^f1^™ieS> The user portion  _ 

errors inside 100 »oters; *a  with regard to situations where 
errors are at 100 nanoseconds. Witn reg  higher—for example 
positioning accuracy recrements^^^^uidance, space 
aircraft entering airfields to lau , ion orbital 
shuttle guidance 8a^llxte and W£* ^    ^    use of 
determination, and so on, x*\" *    f two GPS receivers 
difference type GPS.  This ™£eB £se ot th   h appropriate 
operating at the same time. After going     «errorB, causing, 
processing, it is P?ssl^\|°/traround 5 meters.  If one again 
positioning accuracies to rise to ajou differences, accuracies 
opts for the use of carrier wave Phas* d to satellite or space 
can reach to around 1 meter. With^eg^ ^ ^.^ ^ „ a 

station P°sl^°n^g
telemStry and control, very good means of teiemetj-y 

3 RELATIVE MOTION EQUATIONS-ASSOCIATED WITH SPACECRAFT 

RENDEZVOUS 
Assuming that target spacecraft „afce circular orbit or near 



circular orbit flights and that coordinate system oxyis firmly 
connected to them (see Fig.l), then, the relative motions of 
tracking spacecraft and target spacecraft can use the equations 
set out below to make approximate descriptions[l]: 

(T — 2a>y = ax 

<y -r 2(ox — Zory — ay 

[z + orz = a. 

(1) 

Z(o) 

Fig.l Orbital Coordinate System 

T 4-m« »     iqthe orbital angular velocity of target spacecraft. 
Zl      iv  and az are thrust and interference force acceleration 

form: 

p — pd2 — p(w + p)2cos20 — /ocu2 (3sin2?cos20 — 1) = a, 

2 
Pf + 2p(.a> + 9) — 2p(a + f)8tgd — —pwlsm2<p = ar/cos8 

1 3 
pd + 2pd + y (« + p)2sin20 + —pcühm28s'm2f = a, 

(2) 

in this P  is relative distance; 8,  is the ^eluded angle oxy 
associated with line of sight, and orbital planes; , IS the 

4  GPS APPLICATIONS 



Kesearch fea,Xy fow, t,at fe cove^erOJtGPS with regard 

speed, -«itude and txme x„for.at,oncfOratP _  Thi8 

KSIl'li only ?Ä t° discussing GPS posxt.on.ng 

applications 

4.1 Single Unit GPS Applications 

Direct applications .of ^^a?f ^Ja^tracSSg'spacecraft 
giving 100 meter accuracxes--adequate to t     ^ fc 

and guide them to within a range °^u     orbital determination 
spacecraft.  This # type of direct ^onom^^     ons making 
is capable of saving on ^ounü rem      Eliminating delays 
orbital corrections in almost real txmeand ^^ ^ 

associated with infom^ion going ground data processing. 
Satellites and the ground sav®s °£ ?^tes at the same time, also 
increasing the independence of satellites, a.^ ± 

reduces various types of errors a  example/ electric wave 
telemetry and control ^sterns- for «5^,,, f^*^ in 

S^^ioTO«^ °°ntr01 Stati°n P°S 
and so on. 

4.2 Position Difference GPS Applications 

-  Position difference makes use £ ^GPS^ecexve^un^^ 

S reducing errors from *™ ^"spacecraft is XR and the 
?he GPS position vector on targer P     XU then/ position 
portion vector for tracking spacecra ^.^ ^  equatlon (1) are 
coordinates associated with rel.fied by Gpg as; 
capable of being precisely *y 

cx,y.z]-x,.-x. (3) 

Reference information » £££*£&£S ÄES^E 

drrference! the reference statron here is     ^ relative positron. 

KS^^-T^fe^Se- «      n 
gsltionlng ST2Ä3 JT^S scions in regard to eguatron 

(D- 
4.3 

Pseudo Range Difference GPS Applications 



Pseudo range difference makes use of GPS measured pseudo 
ranges, and it is not necessary to solve for positions.  In this 
way, it is then possible to save on signal processing time and 
increase positioning speed.  By the same token, this is relative 
positioning. Assuming that the pseudo range from target 
spacecraft to gPS satellite is RR , tracking spacecraft pseudo 
range is RU .  Because of this, the relative distance between the 
two spacecraft can be expressed as 

jo = Rt/-i?R (4) 

As far as this type of method is concerned, precise specification 
of relative distances is very simple and convenient.  Then, 
making use of GPS angular measurement functions, it is possible 
to make a rapid solution with regard to equation (2). 

5  SIMULATIONS AND CONCLUSIONS 

This article carried out simulations of certain low orbit 
spacecraft rendezvous processes.  Tracking spacecraft orbital 
parameters were: 

Hemi major axis:  a = 6706.2^1 Km, 
Eccentricity: e = 0.024578,    # 
Orbital angle of inclination:  i -65 , 
Ascending node right ascension: a  - JU , 
Perigee angular distance: at  - 50 . 

SSHr srs-J3 ^!%?Äp-Ä ^ - 
nosition difference added to dynamics model  (!)• 

f^rLTn! IrlratÄ SZi3ffi£ b^ifference OPS 

P üi?  /it      Calculation results are seen in Fig.2.     In it,       / model (1).    Calculation r calculated purely from 
dynamics ÄÄ •  V is the orbit using difference 
GPS+dynamics model at ^^f^positioning by difference GPS 

'io.secod^ »^?y^ -Ä^SSTSTp^ti«. 
^dynam^cs^^^ir^'cafculation results are seen in Fig.3. 

/76 
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Fig.2 X Direction Error 

Key:  (1)  Meters  (2)  Thousand Seconds 
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Fig.3 X Direction Error 

Key:  (1) Meters   (2)  Thousand Seconds 

Results clearly show that errors associated with orbit c 

iff ffisrs^ ^SSSSr 

satellite positioning system GPS is capable of being an advanced 



autobus space rendezvous JYf ^^^ 
POS^toninaP It  is possible ?o complete the entire process of positioning, ^ " poss^xe t    p      homing toward target 
tracking spacecraft, ^ cna^ °J. option is made for the use 

is made of <^ffoE~~ ^A H  ^Sple.  Thi amount of software 
laser sensors.  ^P^^telUtes is small. Accuracies are 
CheSSS?sW°iftSe f°irst telemetry and control system selected 
5Sh; new ^-ration of «^«^Bä?^      ^ sjBnllatiollB 

This article only researcnea r_ carry out spacecraft 
associated with GPS Potion data to carry    J?^ c   ^rate 
rendezvous and ^'K G?S position, speed, attitude, on comprehensive applications ot    P   fc    causing the 
and.time. L***?"?™'Jg^U  possible. engineering of it as earxy « ^ 
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